INTRODUCTION
gain in muscular mass, and improvement in physical conditioning (Machado et al.) .
Thus, the objective of the present study was to analyze the skeletal muscle response of animals submitted to soft drink consumption and to a concurrent training protocol.
MATERIAL AND METHOD
Animals. In the present study, 32 male rats were used in the post-weaning biological phase (30 days), Wistar breed, obtained from the University of West Paulista Campus -UNOESTE campus II and kept in the small rodent room of the Physiotherapy Department of FCT-UNESP, Presidente Prudente Campus -SP (Approval CEUA 004/2016).
The rats were housed in groups of 5 animals per cage (polyethylene), with an ambient temperature of (22 + 2 o C) and brightness (light/dark cycle of twelve hours), with free access to water and feed (feed for laboratory rats). The study was developed in compliance with the norms and ethical principles of animal experimentation after approval from the Committee on Ethics in Animal Use (CEUA).
Experimental design. The animals were divided into four groups (n = 32), control (C) [n = 8] , control with soft drinks (CR) [n = 8] , concurrent training (TC) [n=8] , and concurrent training with soft drinks (TCR) [n=8].
The animals were submitted to a period of adaptation to the liquid medium and equipment (10-20 min/day, three days per week, for one week, with progressively increasing overload and duration, following the method proposed by Manchado et al. (2006) . The adaptation period reduces the stress produced by the liquid medium and the physiological alterations resulting from physical training (Chimin et al., 2009) .
Experimental groups
C Group: The animals remained free in their cages, with unrestricted access to water and feed.
CR Group:
The animals remained free in their cages, with unrestricted access to water and feed. However, in this case, a soft drink was added 30 days after birth and maintained for 120 days (90 days of hyperglycemia induction + 30 days of training), the period corresponding to the end of the experiment.
TC Group: This model of concurrent training was composed of two sessions of different exercises with demands from different energy sources, one predominantly aerobic (swimming) and the other predominantly muscular strength development (jumps).
The aerobic training protocol was composed of three weekly sessions on nonconsecutive days, comprising 30 minutes of swimming exercise, with an intensity of 80 % of the anaerobic threshold (Lan), stipulated from the values established for assessment of the maximum stable phase of blood lactate (Manchado et al.) (Fig. 1) . For the aerobic part (swimming), a tank containing cylindrical PVC pipes was used, 25 cm in diameter and 100 cm in height, with water to a depth of 70 cm (Ozaki et al., 2014) .
For the strength training protocol (anaerobic), four series of 10 jumps were used, with an overload corresponding to 50 % of the body weight of each animal. For this purpose, a 25 cm diameter PVC pipe with a height of 38 cm was used (Fig. 2) . The overload was added using a vest specially made for this type of exercise, attached to the anterior torso (Castoldi et al., 2013) .
TCR Group:
This group was identical to the previous one, but with ingestion of a soft drink. In this case, a soft drink was added 30 days after birth and maintained for 120 days (90 days of hyperglycemia induction + 30 days of training), the period corresponding to the end of the experiment.
Prescription of intensity of aerobic training.
For the prescription of aerobic training, the value corresponding to the percentage of body weight was used. In this case, the intensity was defined from the results established by Manchado et al. Thus, the threshold intensity corresponding to 5 % of body weight was established and 80 % of this value was used for aerobic training intensity.
Hyperglycemia induction. Hyperglycemia was induced in the animals, through ingestion of a popular soft drink (guarana type) (Ad libitum). The soft drink is composed of: carbonated water, fructose syrup, caramel dye, phosphoric acid, natural flavorings, caffeine, and low sodium content.
Collection of Tissue Samples. The animals were submitted to the surgical procedure 48 hours after the final exercise session. The samples of the gastrocnemius muscle were obtained according to the methodology described by Águila et al. (1997) . The animals were anesthetized with a combination of two anesthetics, ketamine hydrochloride (70 mg/kg) and xylazine hydrochloride (15 mg/kg) injected intra-peritoneally as proposed by Seraphim et al. (2001) .
RESULTS
Analysis of body mass demonstrated that all groups presented increased body mass, however, the CR and TCR groups presented higher values for this variable (Fig. 3) .
From the images of the muscle fibers, different morphologies were observed between each of the groups (Fig. 4) . In addition, indications of inflammatory infiltrate were verified in the groups of trained animals (TC and TCR).
After measurement of the muscle fibers, median values were verified for the minimum diameters of 35.78; 36.93; 39.12; and 37.82 mm, for the groups C, CR, TC, and TCR, respectively (Fig. 5) . Histological Processing of Skeletal Striated Muscle. The muscle tissue was immersed in n-hexane cooled in liquid nitrogen through the freezing of unfixed tissues method, and later stored in an ultra-low temperature freezer (-80 º C). The 5 mm sections were produced in a cryostat microtome at -20 °C, collected on slides and then stained with hematoxylin-eosin (HE) for general analysis of the structure.
Analysis of Muscle Tissues
Optical microscopy. The sections were submitted to staining and histochemical reactions and were observed in normal light and photomicrographed under a Nikon® microscope, model H550S. A photographic camera Infinity 1 was used to analyze the images. The interactive markers, to determine the mean of the smallest diameter of muscle fibers, were performed using the software (AuxioVisionRel 4.8 -Carl Zeiss and NIS-Elements D3.0 -SP7 -Nikon®). In total, 100 muscle fibers were observed on each slide, according to the protocol established by Dal Pai Silva (1995).
Statistical analysis.
After obtaining the data, the following tests were performed: Shapiro-Wilks for normality; Kruskal Wallis or ANOVA to verify the difference between pre-and post-training moments; Dunn or Tukey post-test to verify the difference between groups. All procedures assumed the error of 5 % (p <0.05). 
DISCUSSION
The objective of the present study was to analyze the effects of the consumption of soft drinks on the skeletal striated musculature of animals submitted to a concurrent training protocol. It was verified that the response to the concurrent training was an increase in the mean of the smallest diameter in the trained animals, independent of the consumption of a soft drink. However, the group that consumed the soft drink demonstrated a lower mean when compared with the animals that did not consume the soft drink. In their findings, Rombaldi et al. claim that soft drink consumption is associated with increased body weight and obesity. In addition, there are few studies that affirm this hypothesis, mainly in animals.
Another factor observed was that the rats that consumed soft drinks had lower feed intake. In this case, the decrease in feed consumption may have contributed to a decrease in the lean muscle mass of the animals.
The decrease in protein coming from the diet could be related to lower absorption of proteins and nutrients, and may cause a decrease in the muscle mass of the trained rats, since their energy expenditure was higher than the control group. Morais et al. (2008) make it clear in their study that a combination of proteins and other nutrients can generate significant gains in strength and gains in muscle mass.
With regard to the training methodology, Castoldi et al. (2013) and Machado et al., showed in their studies that concurrent training can generate muscle mass gains and improvement in body composition. However, in these cases, the authors did not use soft drinks as an additive in the diet of the animals.
There seems to be evidence that when used 3x/week, concurrent training is capable of generating increased physical capacity, in particular, promoting muscle hypertrophy. Published studies using this training methodology demonstrated significant increases in the crosssectional area and smallest diameters of the muscle fibers of rats, both in aquatic environments and soil exercises, with normal and hypercaloric diets (Castoldi et al., 2013; Machado et al.; Castoldi et al., 2017) .
In addition, on another occasion, concurrent training with or without beta-hydroxy-beta-methylbutyrate (HMB) supplementation was tested. In the latter case, it was verified that animals that performed concurrent training without supplementation demonstrated no decrease in muscle mass (Araújo et al., 2017) .
Thus, the aforementioned studies contradict the "concurrent" theory originally proposed by Hickson (1980) , who verified an increase in physical capacities generated by performing concurrent training. It is worth mentioning that the study of Hickson (1980) included athletes of both sexes, who performed the muscular and aerobic strength training for 5 or 6 days/week, for a period of 10 weeks, with high intensities and only one weekly rest break. In the present study, Wistar rats were used, with a training frequency of 3x/week, at intensities of 50 % of body weight for strength training and 80 % of anaerobic threshold intensity, for a period of 4 weeks.
Thus, the present study collaborates with the literature in investigating the effects of ingestion of a soft drink added to performance of a concurrent training protocol. However, there are some limitations of the study related to the quantification of protein intake. In addition, protein quantification as well as analysis of gene expression may contribute to the results obtained to date.
CONCLUSION
It was concluded that the ingestion of a soft drink had a negative effect on the muscular hypertrophy of animals submitted to a concurrent training protocol. 
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RESUMEN:
El consumo de alimentos y bebidas industrializadas contribuyen al aumento de peso corporal y manifestación de diversas enfermedades. Entre estos alimentos, se encuentran las bebidas refrescantes, que al ser consumidas en grandes proporciones, pueden contribuir al aumento de peso y a la aparición de enfermedades crónicas, tales como la hipertensión, diabetes y obesidad. En cuanto al desempeño, diversos protocolos han sido utilizados, entre estos, el entrenamiento concurrente que puede ser una forma de ayuda en el control de peso corporal y el desarrollo muscular. Siendo así, la identificación de los factores alimentarios, como también la utilización de los métodos correctos de entrenamiento, pueden ser esenciales en el aumento del desempeño físico. El objetivo del estudio fue investigar los efectos del entrenamiento concurrente en la musculatura esquelética de animales sometidos al consumo de bebidas refrescantes. En la presente investigación fueran utilizadas 32 ratas Wistar. Los animales fueran sometidos a un protocolo de entrenamiento concurrente. Después de 48 horas de la última sesión de entrenamiento, los animales fueran sometidos a un proceso quirúrgico para la remoción de muestras de tejido muscular. Los valores de la media del diá-metro de las fibras musculares fueron: Control (C): 35,78; Control y Bebida Refrescante (CBR): 36,93; Entrenamiento (ET): 39,12; y Entrenamiento y Bebida Refrescante (EBR): 37,82. Se observó que los grupos CBR y EBR presentaron mayor aumento de masa cor-poral en comparación con C y T. Además, los grupos que realizaran el entrenamiento concurrente obtuvieron una mayor media en el diámetro de las fibras. Es posible concluir que el consumo de bebidas refrescantes tiene una influencia negativa en la hipertrofia muscular de animales sometidos a un protocolo de entrenamiento concurrente.
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